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, Based on coupling constants extracted from fitting various data, the selected 

^T) I branching ratios and full widths of p', p" and uj' , uo" resonances are calculated, 

and some topics on the spectroscopy of these states are discussed. 

> ■ r / \ 

a^ : The resonances p' = p[ = p(1450), p" = p'^ = p(1700) (j^^) = 1+ (1"^; 

y ! observed in the channels tt+tt", Atc, ton, prj of the reactions of e^e~ annihilation, r 
O ! and J/ip ^ 7r+7r^7r° decays, photoproduction etc. The resonances oj' = uj[ = ci;(1420), 

uo" = ul)'2 = co'(1600) I'^ ('^^'") ~ ^~ ) were observed in the channels tt+tt^tt^, c^tt+tt", 
O \ etc. The couplings with the states K*K+ c.c. and K*K'k+ c.c. are allowed. Possible 
^ ' indications come from the reactions of e^e^ annihilation, photoproduction, etc. The 
resonances with the same are expected to be strongly mixed via common decay modes. 
The partial width of each specific mode is strongly energy dependent. 
r-| ! The approach to the treatment of the resonance mixing inspired by field theory is used. 

It consists in the following steps, assuming, for the sake of brevity, only two mixed states. 
First, in case of zero width, zero mixing the propagator of the resonance a = 1, 2, is 
l/df\ Second, in case of finite width, zero mixing the propagator of the resonance Ra 
becomes 

1 _ 1 1 1 _ 1 

7^ ~ Toy ^ Toy^aa i(oy + ■ ■ ■ - ~m 

J-^a u,a u,a u-a tla i-i-aa 

Here H^^^ are the diagonal polarization operators. At last, in case of finite width, nonzero 
mixing the propagator and the nondiagonal 'polarization operator' responsible for the 
mixing are 



H TT^^r] ~~M^i^2 + ■ ■ ■ — TTT, TtS 77^ = ( G 
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analogously for 1/1^2, and 



D^Df D^Df [Df^z^f ]2 ^ ■ ■ ■ )Df - nS? 



where 



12 



-n 



is the matrix of inverse propagators. The physical states and their couplings are ob- 
tained by the diagonalization of G~^. Hereafter D^^ = D^\s) = mf'>'^ — s — i-/sT^^\s)^ 
nl? = nl?(s) = Renl? +^Imnl?(.). By unitarity, Imn(o)(.) = v^E.ril(.), Imni?(.) = 

(0) 

AjAl^i ri°ij(s)-^, where T^'^j is the partial width of the decay Ra i. Index (0) refers 

9Rai 

to the unmixed state. The masses m^^\ coupling constants g^^li, and Ren|,°'' assumed to be 
constants should be determined from experiment. The generalization to the case of arbitrary 
number of states is straightforward. The amplitude for the process i ^ Ri + R2 ^ f is now 

(0) „(0) \nf^^-l 




There are two essential points related with the resonance mixing and the dependence of 
partial widths on energy. First, the mass shift of resonances due to their mixing is obtained 
by the condition of vanishing of the real part of detC. More important is the shift of the 
resonance position due to energy dependent width. In the case of the single resonance R 
with the bare mass produced in the reaction e+e^ R ^ f whose cross section can be 
written as 



3r ^.2 s-'I^WnAs) 

s-mlY + sTl{s) 



a{s) = l2'Km\T m+i-{mR)g 



where WRf is the phase space volume of final state, the peak position is found from the 
vanishing of derivative of a{s) with respect to s. At sufficiently slow varying phase space 
the peak shifts to 



SR^m\- \^R^R^ [in {sR^^'^WRfisR] 



The data are fitted in the framework of the three-resonance scheme for each channel 
where the indication on the specific resonance exists, see 0-0] and references therein The 
VI2VP coupling constants extracted from the fits turned out to be in the intervals Is'p'^ijTrl = 
10 - 18 GeV"\ and \gp'^^.^\ = 2-13 GeV~^ Qualitatively, the relation \gp'^^ujTT\ ~ IS'^.^aP^I 



^We have used the earher SND data on the reaction e~^e~ 7r^7r"7r^. Now new SND data 
1^] on this reaction are available. The question of whether these new data can be described in the 
three resonance scheme with the only co'i 2 states in addition to 01(782) or new states should be 
invoked is under study. 
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was found to be satisfied. VI2VP coupling constants are not suppressed as compared to the 
VVP ones. Coupling constants with multi-particle states such as gp^^pn+n-, Quj'^^uj-k+it- 1 as 
well as analogous coupling containing strange mesons in final states, should also be included. 
Taking Qp'^^ui-K ~ Quj^^p-n — 10 GeV and mp/ ^ m^'^ = 1400 MeV, one can estimate the 
partial widths to be Tp/^^T, ~ 280 MeV, r^'_,p^ ~ 820 MeV. Analogously, assuming that 
rrip'^ ~ m^', = 1750 MeV, one finds T^'^^^^ ~ 880 MeV, T^'^^p^ ~ 2600 MeV. VP decay 
modes are not the only ones to which heavy resonances can decay, and partial widths of the 
decay into many particle final states are found to be of the same order or even larger as 
compared to VP ones. The results of the calculation of selected branching ratios and total 
widths are presented in Tables |, || and fT|. One can see that the resonances p'^ 2 and 2 
are broad. 

Our conclusions follows. 

• One should be careful in attributing the specific peak or structure in the cross section to 
the specific spectroscopy state, because the large width, the rapid growth of the phase 
space with the energy increase, and the mixing among the resonances result in the shift 
of the visible peaks in the cross sections. For example, large width of the 002 resonance 
results in the shift of its peak in the energy dependence of the e~^e~ — >• cutt+tt^ reaction 
cross section to 1680 MeV from the bare mass ~ 2000 MeV 

• p(1300) state observed by LASS team in the reaction K~p tt+tt^A, revived 
an old discussion concerning the possible existence of the p(1250) meson, in addition 
to the p(1450) claimed to be observed in e~^e~ annihilation. The results presented 
in Table | show that the corresponding peak should be attributed to the same state 
p(1450) as that presented in Reviews of Particle Physics 

• The state uj{1200) observed by SND team 1^,^ in the reaction e~^e^ tt+tt^tt^ is, in 
our opinion, the same state as u;(1420) = uj[ presented in PDG [|I|. 

• The states p[ 2 and u[ 2 turn out to be the broad resonance structures, as if the conven- 
tional quark picture of them as the radial excitations is implied. The present results, 
having in mind their significant uncertainties, do not contradict to the assignment of 
p[ and uj'i resonances to the state 2'^ 6*1. In the meantime, the central values of the P2 
and widths are large, which contradicts to the assigning them to the state l^Di pre- 
dicted by Gogfrey and Isgur |^ to be relatively narrow. However, large errors prevent 
one from drawing final conclusion. 

• The very large widths of the resonances may indirectly evidence in favor of some 
nonresonant contributions to the amplitudes. The accuracy of the existing data is 
still poor either to isolate such contributions reliably or to specify their form precisely. 
Considerable increase of experimental statistics hopefully accessible at VEPP-2000 
collider aimed at the study of the energy range of e^e~ annihilation from 1 to 2 GeV 
will help in resolving the above issues. 
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TABLES 







TABLE L Masses, total widths (in the units of MeV), leptonic widths (in the units of keV), 
and selected branching ratios (percent) of p'^ resonance, calculated using the coupling constants 
extracted from the fits Q of the specific reaction. The symbol ~ means that only central value is 
given, while error exceeds it considerably. The p\ resonance does not reveal itself in the e^e~ — > wtt' 
reaction and r~ decay. Other branching ratios can be found in Ref. 0. 

reaction e^e~ — > vr^vr^ e^e^ 2tt^2tt^ e^e~ — > 7r^7r~27r'^ K^p vr^'^vr^A 

m^/ 1370l^[] 1350 ±50 UOO^^^J] ISeolJ^g 

5^,^^+^- LI ± LI ~ 1.4 ~ 8.0 ~ 0.7 

Sp/^^^o 86.5 ±41.5 93.6 ±60.0 77.8 ± 62.2 93.3 ± 82.7 

Bp/ ~ 6.8 ~ 0.2 ~ 7.2 ~ 0.7 

^pl^in- 6.4^1:2 5.4l2| 6.310 

Ly 763 ± 500 ~ 518 ~ 970 ~ 460 



TABLE IL The same as in Table |, but in the case of the p'2 resonance. The latter does not 
reveal itself in the K~p — > 7r"^7r~A reaction. 

18601?^° 
1.5 ± 1.4 
18.9 ± 2.8 
62.6 ±5.0 
9.3 ±0.6 
3255 ± 388 



reaction 


e~^e 7r"^7r 




e+e^ 2tt+2tt- 






19001^3^° 


1710 ± 90 


185lt240 


17901^1° 




~ 


~ 


~ 1.2 


~ 0.4 


Bp'^^ujnO 


~ 16.7 


22.3 ±8.0 


13.4 ±3.9 


31.0 ± 18.6 


Bp'^^i-K 


~ 68.5 


61.2 ±7.8 


74.0 ±32.1 


45.0 ± 18.0 


^p'^^l+l- 


1.8 ± 1.5 


5.2 ± 1.5 


4 O'}+0-^^ 
^•"^-0.27 


4.5 ± 1.3 




~ 303.9 


1886 ± 613 


3123 ± 296 


3151 ± 1281 
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TABLE III. Masses, total widths (in the units of MeV), leptonic widths (in the units of eV), 
and branching ratios (percent) of the iu[ 2 resonances, calculated using the coupling constants 
extracted from the fits B of the specific channel of e'^e~ annihilation. The symbol ~ means that 



only central value 


is given, while 


error exceeds it considerably. 






channel 


+ — 






ii^A 7r+ 




Tn / 
'"■ui[ 


1430+in° 


rs^ 1 400 
X'4:UU 


i4fin 

L'-t\J\J 


~ 1500 


~ 1380 






~ 8 


~ 67 


^ yu 


"^4 


Bio'^^K* K+cc 


~ 0.2 


~ 


~ 1 


~ 4 







~ n 








n 


n 








o± . ^ 




~ 65 8 




1 44+94 
-■-^^-58 


~ 0.2 


~ 8 




/IS 




~ 903 


~ 129 


~ 173 


~ 1252 


~ 112 




194011™ 


2000 ± 180 


1780^^™ 


~ 2120 


1880i?l 




~ 22.1 


~ 34.2 


~ 88.8 


~ 91.2 


~ 60.1 




~ 3.5 


~ 5.8 


~ 11.2 


~ 15.8 


~ 8.9 




~ 68.2 


~ 53.4 








~ 30.9 




~ 6.2 


~ 6.6 








~ 




109ti 


531 ± 225 





~ 189 


1162 ±922 




~ 14000 


~ 5757 


~ 2420 


~ 9854 


~ 13820 



6 



